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a b s t r a c t
Megakaryoblastic leukemia protein-1 (MKL1), also termedMAL, MRTF-A, and BSAC, belongs to theMRTF
family of transcription factors that share evolutionary conserved domains required for actin-binding,
homo- and heterodimerization, high-order chromatin organization and transcriptional activation. MKL1
regulatesmanyprocesses, includingmuscle cell differentiation, cardiovascular development, remodeling
of neuronal networks in the developing and adult brain, megakaryocytic differentiation and migration,
modulation of cellular motile functions and epithelial–mesenchymal transition. Moreover, deregulation
by genetic alterations and/or altered expression of MKL1 can contribute to a number of pathological
processes such as coronary artery disease, sarcopenia, acute megakaryoblastic leukemia, and cancer.
In this article, we review the structure, regulation and biological functions of MKL1. In addition, we
discuss recent evidence that strongly suggests a dual role forMKL1 in oncogenicmechanisms, as a tumor-
promoting or tumor-suppressing molecule. Future studies will be necessary to evaluate the potential
clinical implications of MKL1 expression and activation in cancer.
© 2010 Elsevier Ltd. All rights reserved.
1. Introduction
Gene expression is fine-tuned and tightly regulated through
complex transcriptional signaling networks involving interactions
of transcription factors and cofactors.Megakaryoblastic leukemia 1
(MKL1) is a member of the myocardin-related transcription factor
(MRTF) family and functions as a co-activator for serum response
factor (SRF), which regulates essential biological processes ranging
from gastrulation and development to cell survival and apoptosis.
MKL1, also termedMAL (megakaryocytic acute leukemia), BSAC
(basic, SAP and coiled-coil), and MRTF-A (myocardin-related tran-
scription factor-A), was originally identified as a chromosome
22 encoded fusion partner of the t(1;22)(p13;q13) translocation
causing acute megakaryoblastic leukemia (AMKL) in infants and
children (Ma et al., 2001; Mercher et al., 2001). As a result of the
translocation, the MKL1 gene is fused to the RNA-binding motif
protein 15 (RBM15), also known as OTT gene, on chromosome 1
(Ma et al., 2001;Mercher et al., 2001). This fusion gene encodes the
deregulated protein RBM15–MKL1 (OTT–MAL; Descot et al., 2008)
with potential oncogenic properties (Mercher et al., 2009). MKL1
∗ Corresponding author at: Friedrich Miescher Institute for Biomedical Research,
Novartis Research Foundation, Maulbeerstrasse 66, CH-4058 Basel, Switzerland.
Tel.: +41 61 697 2494; fax: +41 61 697 3976.
E-mail addresses:matthias.scharenberg@fmi.ch (M.A. Scharenberg),
chiquet@fmi.ch (R. Chiquet-Ehrismann), maria.asparuhova@fmi.ch
(M.B. Asparuhova).
was also identified in a screen for genes that protect against tumor




shares an overall homology of 35% with the other MRTF family
members, and more than 60% homology in a series of conserved
domains (Wang et al., 2002). The domain structures of MKL1 and
RBM15–MKL1 proteins are represented in Fig. 1.
A strongly conserved region of the MRTF family members is the
N-terminalhomologydomain. This regionof∼120aminoacids con-
tains two or three RPEL motifs depending on the isoform of the
protein (Miralles et al., 2003). RPEL motifs are named after four of
their conserved amino acids and are implicated in actin-association
and Rho-dependent nuclear import of MKL1 (Miralles et al., 2003;
Vartiainen et al., 2007).
The basic region 1 is required forMKL1 binding to SRF (Cen et al.,
2003). A second basic region is located between RPEL motifs 2 and
3. Both basic regions are implicated in nuclear localization of MKL1
(Miralles et al., 2003).Oneof thenotable featuresof theMRTF family
members is the SAP domain, which is a conserved 35-amino acid
motif composed of two amphipathic !-helices. SAP domains are
known to regulate nuclear organization, chromosomal dynamics,
and apoptosis (Aravind and Koonin, 2000). They are found in a vari-
etyofnuclearproteins includingSAF-A/B,Acinus, andPIAS (Aravind
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Fig. 1. Structure of MKL1 (MAL/BSAC/MRTF-A) and RBM15–MKL1 (OTT–MAL) proteins. Functional domains discussed in the text are shown. The RBM15–MKL1 contains
almost the entire RBM15 (OTT) and MKL1 protein sequences, the fusion point is shown by an arrow. Abbreviations are: RPEL1–3, actin-binding motifs with Arg-Pro-X-X-X-
Glu-Leu core consensus; B1 and B2, basic domains; Q, glutamine-rich domain; SAP, homology domain found in SAF-A/B, acinus, PIAS; LZ, leucine-zipper-like domain; TAD,
transactivation domain; RRM, RNA recognition motif; SPOC, Spen paralogue and orthologue C-terminal domain.
and Koonin, 2000). However, deletion of the SAP domain of MKL1
had no effect on MKL1’s transcriptional activity and MKL1–SRF
complex formation (Cen et al., 2003; Miralles et al., 2003). A highly
conserved coiled-coil leucine-zipper-like domain mediates homo-
or heterodimerization among myocardin family members. Dele-
tion of this domain had a modest effect on MKL1 activation of
SRF-reporter genes (Cen et al., 2003). Finally, the transcriptional
activity of MRTFs is mediated by powerful transcription-activation
domains at the C-terminus of the proteins that share only low-level
sequence identity between the three family members (Wang et al.,
2002).
3. Expression, activation and turnover
MKL1 is expressed in nearly all adult tissues, with the strongest
expression reported in heart, liver, lung, kidney, skeletal muscle,
spleen, and brain (Wang et al., 2002).
The subcellular localization and transcriptional activity ofMKL1
are directly regulated through its interaction with monomeric
actin by means of the amino-terminal RPEL motifs (reviewed in
Posern and Treisman, 2006). This regulatory mechanism involves
the Rho-GTPase signaling (e.g. via RhoA, Rac1 or Cdc42) adjusting
actin dynamics by integrating extracellular stimuli. In unstimu-
lated fibroblasts,MKL1 is predominantly localized in the cytoplasm
in association with G-actin. Upon RhoA activation, F-actin for-
mation is increased and G-actin pools are depleted in both the
cytoplasm and nucleus. This releases cytoplasmic MKL1 from G-
actin, allowing nuclear import of MKL1 and subsequent activation
of SRF-dependent transcription (Miralles et al., 2003). Interest-
ingly, MKL1 also binds to G-actin in the nucleus, which plays an
important role in modulating MKL1 functions (Vartiainen et al.,
2007). Nuclear G-actin has been demonstrated to facilitate nuclear
export of MKL1 and to prevent MKL1 from activating SRF tar-
get genes. Thus, cellular G-actin regulates MKL1 at three levels:
nuclear import, nuclear export and nuclear activation/inactivation
of MKL1-dependent transcription (Vartiainen et al., 2007).
This regulatory mechanism is likely to be triggered by every
stimulus that can activate the RhoA-actin signaling pathway,
including externally applied mechanical stress. We, as well as oth-
ers, have observed translocation of MKL1 from the cytoplasm to
the nucleus when mechanical strain was applied in vitro on mouse
fibroblasts (Maier et al., 2008), rat cardiac fibroblasts (Zhao et al.,
2007), primary smoothmuscle cells or in vivo, inmechanicallyover-
loaded rat bladders (Hanna et al., 2009).
Othermembersof the smallGTPase family, Rac1andCdc42were
also shown to regulateMKL1 nuclear localization and thus, smooth
muscle actin promoter activity upon contact-dependent induction
of epithelial–mesenchymal transition (EMT) (Busche et al., 2008).
In addition to Rho-GTPase signaling, MAPK pathways have
been reported to regulate MKL1 activity. Activation of Erk1/2 pro-
motes nuclear export of MKL1, thus negatively influencing the
MKL1–SRF-dependent transcription (Muehlich et al., 2008). Fur-
thermore, transcription factors other than SRF were shown to bind
and regulate the activity of MKL1 for specific functions. For exam-
ple, MKL1 was implicated in TGF!-induced EMT via an interaction
with Smad3 transcription factor. The MKL1–Smad3 complexes
drive the expression of the human slug gene thereby prompting
dissociation of cell–cell contacts (Morita et al., 2007).
MKL1 also forms complexes with Smad1/4 to activate tran-
scription from the Id3-gene promoter, thus inhibiting myogenic
differentiation (Iwasaki et al., 2008). Moreover, it has been shown
that the forkhead transcription factor FOXO1with a crucial role for
myoblast fusion can also bind MKL1, thus preventing the associa-
tion of the MKL1–Smad complex with the Id3 promoter (Iwasaki
et al., 2008). Recently, a novel factor termed SCAI (suppressor of
cancer cell invasion) has been identified as an MKL1-interacting
protein (Brandt et al., 2009). SCAI inhibits the MKL1/SRF transcrip-
tional complex, causing reduced expression of !1-integrins. The
differential regulation of the MKL1-activity results in specific bio-
logical functions discussed in the next paragraph.
4. Biological function
Table 1 provides a summary of the known biological processes
with the involvement of MKL1. Despite the diversity of functions
in whichMKL1 takes part, the majority of MKL1 knockout mice are
viable and fertile (Li et al., 2006; Sun et al., 2006), possibly due to a
functional redundancy between MKL1 and the other MRTF family
members. However, 35% of the MKL1−/− embryos die from heart
failure (Sun et al., 2006). Furthermore, females lacking MKL1 are
unable to feed their pups owing to a defect in mammary gland
myoepithelial cell differentiation (Li et al., 2006; Sun et al., 2006).
In addition, knockout of MKL1 in mice leads to reduced platelet
counts in peripheral blood, and reduced ploidy in bone marrow
megakaryocytes, suggesting a role for MKL1 in megakaryocyte dif-
ferentiation and maturation (Cheng et al., 2009). The phenotype of
MKL1-deficient mice shows similarity to that of AMKL pathology
associated with the chromosomal translocation t(1;22), in which
the MKL1 and RBM15 genes are fused. It is not clear whether the
leukemogenesis of this translocation results from reduced expres-
sion and altered specificity of RBM15 and/or MKL1, or whether
the fusion protein possesses oncogenic properties. Recent studies
have demonstrated that RBM15–MKL1 fusion protein is function-
ally deregulated and aberrantly activates SRF (Cen et al., 2003;
Descot et al., 2008) aswell as Notch-signaling (Mercher et al., 2009)
shown to cause abnormal fetal megakaryopoiesis in the latter case.
In addition to the involvement in AMKL, MKL1 has been impli-
cated in tumor cell invasion andmetastasis (Medjkane et al., 2009).
Downregulation of MKL1 by RNA interference decreased tumor
cell motility in tumor xenografts of human breast carcinoma and
mouse melanoma cells in mice, while cell proliferation was unaf-
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Table 1
Summary of MKL1 biological functions and known MKL1-dependent targets.
Development and tissue homeostasis MKL1-dependent targets
Muscle cell differentiation 1–3SM22!, 1,2SM !-actin, 2SM MHC, 1cardiac !-actin, 4skeletal !-actin,
4skeletal !-MHC, 5miR-486 (inhibiting PTEN and Foxo1a expression)
Mammary gland myoepithelial cell differentiation 6,7SM !-actin, 6,7MHC, 6,7calponin 1, 6,7Tpm2
Megakaryoblastic differentiation and migration 8GATA1, 8GATA2, 8GP5, 9MYL9, 9MMP9
Cardiovascular development10 and adaptation to stress/myocardial infarction 11BNP, 11SM !-actin, 11skeletal !-actin, 11SM22!, 12Col1a1, 12Col1a2,
12Col3a1, 12elastin, 1,12ANF
Remodeling of neuronal networks in developing and adult braina 13Gelsolin, 13Pctaire1/Cdk16, 14SM !-actin, 14Slug/Snai2 (learning
associated activation), 14Tpm3
Modulation of actin dynamics and cellular motile functions 15SRF, 15,16vinculin, 15Jun-B, 15–17Tpm1, 16Tpm2, 16zyxin, 16caldesmon,
17CTGF, 17MYL9, 17MYH9, 17,18CCN1/CYR61, and others (reviewed in 19)
Cancer progression and metastasis MKL1-dependent targets
Induction of epithelial–mesenchymal transition (EMT) 20Slug/Snai2, 20Snail/Snai1, 20Twist, 20–23SM !-actin
Pathogenesis of acute megakaryoblastic leukemia (AMKL)b 24RBPJ-dependent genes (Notch signalling), 1,25SRF-dependent genes (e.g.
c-fos and egr-1)
Promotion of tumor cell invasion and metastasis 17MYL9, 17MYH9, 26"1-integrin, 27ER!-dependent genes
Antiproliferative effects and tumor suppression 28mig6/errfi-1, 29Eplin-!, 30tropomyosin, 30caldesmon
Publication details only provided for reports that are not listed under References. (1) Cen et al. (2003); (2) Du et al. J Biol Chem 2004;279:17578–86; (3) Wang et al. (2002);
(4) Selvaraj and Prywes. J Biol Chem 2003;278:41977–87; (5) Small et al. Proc Natl Acad Sci U S A 2010;107:4218–23; (6) Sun et al. (2006); (7) Li et al. (2006); (8) Cheng
et al. (2009); (9) Gilles et al. Blood 2009;114:4221–32; (10) Parmacek. Circ Res 2007;100:633–44; (11) Kuwahara et al. Mol Cell Biol 2010:00154–10; (12) Small et al. Circ
Res 2010;107:294–304; (13) Mokalled et al. Development 2010;137:2365–74; (14) O’Sullivan et al. Cereb Cortex 2010;20:1915–25; (15) Selvaraj and Prywes. BMC Mol
Biol 2004;5:13; (16) Morita et al. Exp Cell Res 2007;313:3432–45; (17) Medjkane et al. (2009); (18) Hanna et al. (2009); (19) Olson and Nordheim. Nat Rev Mol Cell Biol
2010;11:353–65; (20) Morita et al. (2007); (21) Fan et al. Mol Biol Cell 2007;18:1083–97; (22) Busche et al. (2008); (23) Sebe et al. Nephron Exp Nephrol 2010;114:e117–25;
(24) Mercher et al. (2009); (25) Descot et al. (2008); (26) Brandt et al. (2009); (27) Huet et al. (2009); (28) Descot et al. (2009); (29) Leitner et al. (2010); and (30) Yoshio et
al. (2010).
a Genes targeted by MKL1 and/or MKL2.
b Genes targeted by the fusion protein RBM15–MKL1/OTT–MAL rather than MKL1 alone, are listed.
reduced capability to form lung metastases following intravenous
injection into the mouse tail vein. Moreover, expression of an
MKL1-constitutive active protein potentiated lung colonization by
otherwise poorly metastatic cells. Thus, at least in certain cell con-
texts, enhanced MKL1 activity can promote tumor cell metastasis.
Consistent with these observations, SCAI, a binding partner
and inhibitor of MKL1 that is downregulated in various tumors
has been identified (Brandt et al., 2009). The study suggests that
MKL1–SRF signaling can upregulate "1-integrin expression, thus
promoting tumor cell invasiveness, whereas SCAI significantly
antagonizes this process. Furthermore, activation of the Rho-MKL1
signaling pathway resulted in reduced transactivation efficiency of
estrogen receptor-!, diminishing its protective function in tumor
progression and invasiveness (Huet et al., 2009) again supporting
a protumorigenic role for MKL.
Interestingly, while downregulation of MKL1 does not affect
proliferation (Medjkane et al., 2009), MKL1 overexpression elicits
a strong antiproliferative effect in various fibroblast and epithe-
lial cell lines (Descot et al., 2009). Several putative antiproliferative
MKL1-target genes have been identified, including mig6/errfi-1, a
negative regulator of the EGFR–MAPK pathway. Epithelial protein
Lost in Neoplasm! (Eplin-!), a tumor suppressor gene, the expres-
sion of which inversely correlates with carcinoma aggressiveness,
hasbeen recentlydescribedasadirect targetof theMKL1–SRFpath-
way (Leitner et al., 2010). Furthermore, Yoshio et al. (2010) have
reported that expression of an MKL1-constitutive active form in
oncogenic ras or src transformed rat intestinal epithelial cells,when
injected into the spleen of nude mice, significantly suppressed
tumor formation and reduced liver metastases. The enforced acti-
vation of MKL1 rescued the reduced tropomyosin and caldesmon
expression levels in the transformed cells, thereby activating the
tumor-suppressive properties of tropomyosin and reducing the
caldesmon-dependent invadopodia formation (Yoshio et al., 2010).
Moreover, the levels of expression and/or activation of MKL1 seem
to determine the expression of specific sets of target genes, through
whichMKL1 exerts various and often opposing biological effects as
a tumor-promoting or tumor-suppressing molecule depending on
the cellular context.
Evidence supporting the above notion exists also for patholo-
gies different than cancer. Decreased MKL1 expression levels were
observed in the skeletal muscle of aged mice, which was pro-
posed to induce sarcopenia (Sakuma et al., 2007). In addition,
an MKL1 promoter single nucleotide polymorphism causing high
MKL1 expression levels was associated with the progression of
atherosclerosis and the susceptibility to coronary artery disease
(Hinohara et al., 2009). Apparently, both up- and downregulation
of MKL1 can play a role in the pathogenesis of diseases.
Collectively, the data reviewed here show that MKL1 may exert
different biological functions depending on the cell type, tissue
environment, and signaling pathways in which it is involved.
5. Possible medical applications
First steps in the development of novel pharmacological tools
targeting transcriptional responses of MKL1 signaling in cancer
were made with the recent development of compounds that selec-
tively target the Rho/MKL1 signaling and inhibit the invasion of
prostate cancer cells in aMatrigelmodel ofmetastasis (Evelyn et al.,
2007). Given the incontestable involvement ofMKL1 in tumorigen-
esis and the effects it exerts on tumor cell invasion and metastasis,
it will be important to assess how MKL1 is integrated within the
major signaling pathways that communicate extracellular signals
and mechanical cues to the transcriptional machinery to alter the
motility of cancer cells. Recognition of the differential regulation
and function of MKL1 in tumors will ultimately provide a better
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CCT TAGTACT TATGC- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
GAGAGGAGACGCGGGCGGCTAGAGCCGGAGTGGGGCGAGCCGCGGAACCCGG- CCGGGAG
GGGAGGATACGTGAGCGGCTGGCACCGGAGTGGGGCGAGCCGCGGAGCCCGGGCCAGGAG
- - - AGTAACTGTGAATGG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CCGCGCGAGGCGTGAT CGGAGGGTATGGT TGGCATGGAAT TGAAT T T CAT CTGT CTGTGG
GCGAACGAGGCG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - T GGCATGGAAGAGAGATGCCAAT T CT T TGTG
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
GAAT TGTAAGCAAGAT TGCCAT CACGAAAGCCAAAGTGGAT T T CT CCAGTGTGGTGTGCC
- - - - - - - - - - - - - - GT T ACCAT CACGAAAGCCAAGGTGGAT T T CT CCAGTGTGGTGTGCC
GGGAAATAAACCAGGTCCCAGT CACCAAAACCAGGGTGGAT T T CT CCGACT T CT CCCGCT
- - - - - - - - - - - - - - - t t g c c a t c a c g a a a g c c a a g g t g g a t t t c t c c a g c g t c g t g t g c c
CCT TAGTACT TATGC- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
GAGAGGAGACGCGGGCGGCTAGAGCCGGAGTGGGGCGAGCCGCGGAACCCGG- CCGGGAG
GGGAGGATACGTGAGCGGCTGGCACCGGAGTGGGGCGAGCCGCGGAGCCCGGGCCAGGAG
- - - AGTAACTGTGAATGG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CCGCGCGAGGCGTGAT CGGAGGGTATGGT TGGCATGGAAT TGAAT T T CAT CTGT CTGTGG
GCGAACGAGGCG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - T GGCATGGAAGAGAGATGCCAAT T CT T TGTG
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
GAAT TGTAAGCAAGAT TGCCAT CACGAAAGCCAAAGTGGAT T T CT CCAGTGTGGTGTGCC
- - - - - - - - - - - - - - GT T ACCAT CACGAAAGCCAAGGTGGAT T T CT CCAGTGTGGTGTGCC
GGGAAATAAACCAGGTCCCAGT CACCAAAACCAGGGTGGAT T T CT CCGACT T CT CCCGCT
- - - - - - - - - - - - - - - t t g c c a t c a c g a a a g c c a a g g t g g a t t t c t c c a g c g t c g t g t g c c
CCT TAGTACT TATGC- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
GAGAGGAGACGCGGGCGGCTAGAGCCGGAGTGGGGCGAGCCGCGGAACCCGG- CCGGGAG
GGGAGGATACGTGAGCGGCTGGCACCGGAGTGGGGCGAGCCGCGGAGCCCGGGCCAGGAG
- - - T ACT T AAT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CCGCGCGAGGCGTGAT CGGAGGGTATGGT TGGCATGGAAT TGAAT T T CAT CTGT CTGTGG
GCGAACGAGGCG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - GA GA G CAA T CT TGT
- - - - - - - - - - - -
GAAT TGTAAGCAAGAT TGCCAT CACGAAAGCCAAAGTGGAT T T CT CCAGTGTGGTGTGCC
- - - - - - - - - - - - - - GT T ACCAT CACGAAAGCCAAGGTGGAT T T CT CCAGTGTGGTGTGCC
GGAAA A C G CC AG C A GG GACT CT CCC T





Published ATG/Met start:   49.7 kD!
Suggested Leu-92 start:    59.5 kD!
37 kD!
50 kD!































K A K V D F S S V V C L P P S V I A V N G L D G G G A G E N D D E P V L V S L S A A P S !
P Q S E A V A N E L Q E L S L Q P E L T L G L H P G R N P N L P P L S E R K N V L Q L K !
A!
G G * S R S G A S R G T R P G A A R G V I G G Y G W H G I E F H L S V G I V S K I A I T !
L Q Q R R T R E E L V S Q G I M P P L K S P A A F H E Q R R S L E R A R T E D Y L K R K … !
Published translation start!
RPEL1 motif! RPEL2!
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0 min.! 5 min.! 20 min.!60 min.!
0 min! 0 min!
n. s.! n. s.! n. s.!
n. s.! n. s.! n. s.!
n. s.! n. s.! n. s.!
B!
5 min!5 min!
! ! 60 min!! !  i ! 60 min!!
! ! 60 min!!  i ! ! 60 min!
!  i ! 60 min! 0 in ! 60 min!

































































































































































































































































































































































































































































































Total MKL1! MKL1_L! MKL1_S!
TGF-β1! +!+! +!-! -!-! +!+! +!-! -!-! +!+! +!-! -!-!





ACTA2! CNN1! SM22alpha! TNC!C! D!
-! +!+! +!-! -!
0 h!












































































































































































































































































































































































































































































































































































SPC! +!+! +!-! -!-! +!+! +!-! -!-! +!+! +!-! -!-!
















 ! Total MKL1!  ! MKL1_L!  ! MKL1_S!
Strain! +!+! +!-! -!-! +!+! +!-! -!-! +!+! +!-! -!-!



























 ! Total MKL1!  ! MKL1_L!  ! MKL1_S!
LPA! +!+! +!-! -!-! +!+! +!-! -!-! +!+! +!-! -!-!
0 h! 24 h! 96 h!
A! B!
Chondr.! +!+! +!-! -!-! +!+! +!-! -!-! +!+! +!-! -!-!












































































































































































































































































































































































































































































































































































































































































































































































a Averaged fold-regulations of genes are given with P-values in parentheses.  
Genes that were specifically induced by MKL1_S are highlighted in gray. 

















































































































































































































































































































































































































































































































































































































































































MKL1_S    ! MTLLEPEMLM MAVQS VLQL KLQQRRT REELVSQGI MPPLK…..!












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































_S  / _L!SRF! ?!MKL1_S!
Common; 
contractile, etc.!










_S  / _L!

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































VD F SSVVCL PPSV I AVNGLDGGGAGENDDEPV LV SL SAAPSPQSEAVANELQE
L SLQPELT LGLHPGRNPN L PPL SERKNV LQLKLQQRRT REELV SQG I MPPLKS
PAAFHEQRRSL ERART EDY LKRK I RSRPERSELVRMH I L EET SAEPSLQAKQL
KLKRARLADD LNEK I AQRPGPMELV EKN I L PV ESSLKEA I I VGQVNYPKVAD S
SSFD ED SSDAL SPEQPASHESQGSV PSPL EARV SEPL L SAT SASPTQVV SQL P
MGRD SREML F LAEQPPL PPPPL L PPSLTNGT T I PT AKST PT L I KQSQPKSASE
KSQRSKKAKELKPKVKKLKYHQY I PPDQKQDRGAPPMD SSYAK I LQQQQL F LQ
LQ I LNQQQQQHHNYQA I L PAPPKSAGEALGSSGT PPVRSL ST TN SSSSSGAPG
PCGLARQNST SLTGKPGAL PAN LDDMKVAELKQELKLRSL PV SGT KT EL I ERL
RAYQDQ I SPV PGAPKAPAAT S I LHKAGEVVVAF PAARL STGPALVAAGLAPAE
VVVAT VASSGVVKFGSTGST PPV SPT PSERSL L STGD EN ST PGDT FGEMVT SP



































































CACT TAGTATGT CT TAACTGGAGAGCT T T T TGGT T T CCTGT CGGCAGTAAT T CAAAT CTGTGT CAT CT TGACT
CGCCTGAAGGGTGGATAAAT TGGTAACTGCACTGAGAAGGGGATAT T CT CACAGT CTGAT T TGAGCATAAGGC
AT CAGAT TGAAT T TGTGAAAGCT T T CAAGACAGCT T T T CT CCTGTGACT T TGACT T T CT T CAT TATAT T TGTG
GAT T T T TGT T T CTGGAAGAAT CCGT CATGACT CTACTGGAACCTGAGATGT TAATGATGGCAGTACAGT CAGT

























































































































































5) MKL1_L_S fusion  
6) MKL1_L 9aa_S!
7) MKL1_S 9aa mut 
8) MKL1_S 9aa_L!







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































  ratio 𝑖 	
  ×	
  H/L	
  count 𝑖!!!! H/L	






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































26.0* 24.0* 22.0* 0.0* 2.0* 4.0* 6.0*
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(GTG$start) Publ.$ATG (GTG$start) Publ.$ATG Best
MKL1_L (ΔN)8MKL1 MKL1_L (ΔN)8MKL1 ion$score29#52 DEPVLVSLSAAPsPQSEAVANELQ S41 63.1242#268 142#168 EARVSEPLLSATSAsPTQVVSQLPmGR S256 S156 68.4777#804 677#704 DSPGLSSGSPQQPSSQPGsPAPAPSAQM S795 S695 43.9864#895 764#795 DFKEPPSLPGKEKPSPKTVcGsPLAAQPSPSA S885 S785 44.1896#915 796#815 ELPQAAPPPPGsPSLPGRLE S905 S805 67.3955#961 855#861 DHPPsPm S959 S859 32.8
Peptide$Sequence
Peptide$position Phosphorylation$site$with$the$highest$probability
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 2009 - 2013 
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  EDUCATION 
2001 - 2007 
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Leibniz University of Hannover/Hannover Medical School, Germany 
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Feb. – Sept. 
2007 
 Diploma thesis  
Hannover Medical School, Institute for Cellular Chemistry, Hannover, 
Germany, 
Supervisor: Prof. Dr. Herbert Hildebrandt 
“Interactions of Polysialic Acid and NCAM with FGF Receptors “ 
July – Sept. 
2006 
 Internship in New Zealand (accredited as part of diploma studies) 
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June 2000  Abitur/A-levels 
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2010 - 2013  Student Representative of the Friedrich Miescher Institute 
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• for the near-infrared imaging system Odyssey, LI-COR 
• for the fluorescence imaging system Typhoon 9400, GE Healthcare 
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  PATENT APPLICATIONS 
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Gordon Conference and Gordon Research Seminar  
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